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Short theory



Impedance matching

Impedance matching is required when we
have an abrupt change of the impedance or
characteristicimpedance (transmission lines)
The quality of the match is denoted by the
value of the reflection coefficient (I)

Il|=0 perfect match
"|=0, [F|<'max “good enough” match

in ADS: [IM|==[S11]




The quarter-wave transformer

Feed line —input line with characteristic
impedance Z,

(Real!) load impedance R,

We desire matching the load to the fider with a
second line with the length A/4 and
characteristic impedance Z,

r
T )\ ——

; .. =0 = Z,=,7Z,R
Zy —> Z R,
o R, +]Z, tan(Al)

Zin = Zl -
Z,+ JR tan(Al)




The quarter-wave transformer

L% I, =0 Z,=.JZ,R

in 212+Zo'RL in — 1 0" 'L
In the feed line (Z,) we have only progressive
wave

In the quarter-wave line (Z,) we have standing
waves



The quarter-wave transformer
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Multisection Impedance Transformer

The quarter-wave transformer can match any
real load to any feed line impedance
If a greater bandwidth for the matchis
required we must use multiple sections of
transmission lines transformers:

binomial

Chebyshev



Multisection Impedance Transformers

We assume that all impedances increase or Z,+Z,
decrease monotonically across the ,
transformer [ ==l =n
This implies that all reflection coefficients Zniat 4
will be real and of the same sign n=LN-1
Previously, 1section r=r,+1,.e?¢ = r _Z -2,
AN

1(0)=T,+T,-e 29 +T,-e*1? +...4 T, -e2IN?



Binomial
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Chebyshev

t Term

Term1 TLIN TLIN TLIN
Num=1 LA T2 TL3 Termf
Z=100 Ohm Z=77.68 Ohm Z=54.77 Ohm Z=38.62 Ohm D=
= E=90 E=90 E=90 Z=30 Ohm
i F=3 GHz F=3 GHz F=3 GHz 1
- m?2 m1 m3
r".?,."' S-PARAMETERS freq=1.453GHz freq=2.301GHz freq=4.548GHz
mag(S(1,1))=0.100{ |mag(S(1,1))=0.099 mag(S(1,1))=0.100
S_Param 05
SP1 ADS N
Start=0.5 GHz -1
Stop=5.5 GHz i
Step=0.001 GHz 04—
- 03—
ZJ
8 02—
5
1 2 m1 m
0.1—
00 | | | | | | | | |
0.5 1.0 1.5 2.0 25 3.0 35 40 45 50 5.5

freq, GHz



Impedance matching

In principle we replace an abrupt change of
the impedance value with a step by step
change of the impedance value, with smaller
steps

The increase/decrease steps must be
carefully designed for good results




Practical Procedure




Write by hand on a sheet of paper 100 times:

| solemnly promise to read the text
AND NOT to jump from picture to
picture

©



Step 1

Identify which one of the received impedance
values will be Zo and which one willbe Z, in
formulas (in order to use the design tables)
Use as Z_ the smaller value of the two values

you received (source or load), and as Z, use
the larger value




Step 2

Using the proper table (binomial) compute Z3,
£2,/3

'TIf at step 1 you switched Zo and Z; (meaning
your individual subject has Z, > Zo ) switch also
the order of the impedances you computed (eg.
Z1 <-> Z3)

N=2 N=3 N=4

Z1/Z, Z,/Zy Z,/Zy Z,/Z, Zy/Zy Z3/Zy Z,/Zy Z5/Zy Z3/Zy Z4/Zy
10 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.5 1.1067 1.3554 1.0520 1.2247 1.4259 1.0257 1.1351 1.3215 1.4624
2.0 1.1892 1.6818 1.0907 1.4142 1.8337 1.0444 1.2421 1.6102 1.9150
3.0 1.3161 2.2795 1.1479 1.7321 2.6135 1.0718 1.4105 2.1269 2.7990
4.0 1.4142 2.8285 1.1907 2.0000 3.3594 1.0919 1.5442 2.5903 3.6633
6.0 1.5651 3.8336 1.2544 24495 47832 1.1215 1.7553 34182 5.3500
8.0 1.6818 47568 1.3022 2.8284 6.1434 1.1436 1.9232 4.1597 6.9955
10.0 1.7783 5.6233 1.3409 3.1623 7.4577 1.1613 2.0651 4.8424 8.6110

1 N=5 N=6

Zi/Zy Z,/2Zy Zy/Zy Z3/Zy Zs/Zy Zs/Zy Zi/Zy Z3/2Z, YAYYA Z:/2Zy Zs/Zy Zs/Zo

1.0 1.0000 1.0000 1.0000  1.0000 1.0000 | 1.0000  1.0000 1.0000 1.0000  1.0000 1.0000
1.5 1.0128 1.0790  1.2247 1.3902 1.4810 1.0064 10454  1.1496 1.3048 1.4349 1.4905
20 1.0220  1.1391 14142 1.7558 1.9569 1.0110 1.0790  1.2693 1.5757 1.8536 1.9782

3.0 1.0354 12300 17321 24390 28974 1.0176  1.1288 14599  2.0549  2.6577 29481
4.0 10452  1.2995 2.0000 3.0781 3.8270 | 1.0225  1.1661 1.6129 24800 34302 39120
6.0 1.0596  1.4055 24495 42689  5.6625 1.0296 12219 18573 3.2305 49104 5.8275

8.0 1.0703 1.4870  2.8284  5.3800 7.4745 1.0349 12640 2.0539 3.8950 63291  7.7302
10.0 1.0789  1.5541 3.1623  6.4346  9.2687 1.0392 12982 22215 45015 7.7030 9.6228




Step 3

Draw the schematic as instructed in the lab
manual
Save it with whatever name (yntitled)

& [ popescu5401_prj | sch {Schematic): 2
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Step 4

Start the simulation {-‘ﬁ}}\

Status ~ Summary

=]
Simulation finished: dataset “lpf' written in:
"Cosuserstdefault~labl_prjsdata’ .

Resource usage:

Total stopwatch time: 4. 23 =econds.
———— Creating Hew Display Window ———
—_— Plea=s Wait . .. —_—
—_— Window Created _— -
4| | 3

Successful simulation will open a new
window, for results report
the window will have the same file name (but a

different extension) as the name you used when
you saved the schematic



Step 5

Insert the rectangular graph to plot the
results

Most likely you wont get the perfect results
but they represent an intermediary step
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Start the tune tool

Position the windows on the screen

approprlately in order to see in real time the

tune effect

Updale[ Details[ Reset [ Cancel ’ Help ’ L

@u]_.;«z‘
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sch TL2F (GHz) 20000 = % . 15:
1= ]
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B ©
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If needed (most likely scenario) press "Details”
on Tune Control and change the step size

uarisi_igdine 1 Lo.c IQDDDDU _E..l

=1

|

transf_multi. TL3.F (GHz) l’ 30000 3

v

Updset | Cancel | Hep |
\T_/ "




B Tune Control Details

Select a parameter to tune by clicking on it, or click on the component button to select by component.

Simulate:

Trace History

Change the "Step Size” (! only for impedances)
1, then 0.1, then o.01 ..... (as required)
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l
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Min

Max
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ﬁﬁﬁ— Step Size
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Step 8

Finish the tune using smaller and smaller step

size (1> 0.1>0.01....) watching as the result
approaches the desired one
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When you are satisfied with the results press
“"Update” in Tune Control to send the tuned
values to the schematic. Save the schematic
again

Carefully write down Z1, Z2, Z3 and the
bandwidth as f1 and f2 (the limits of the
bandwidth can be found using 1-2 markers in
the points where |S11| equals I, for your
individual subject)



Save the schematic with a different name

(Save As)

the schematic for Chebyshev transformer is the
same, except the numerical values of the
impedances, which will have to be replaced



Steps 11 - 19

Repeat steps 2-10 but using the table for
Chebyshev transformer and targeting an
equiripple result by tuning

., =005 I, = 0.20 I, =0.05 r,, =0.20

Z
|
N
=
— | I
o~

Zil2o | Z)/2y 2Z2/Zo | 2,20 Zy]Zo | Z:]/Z¢ Z>2]Zy Z3]Zy | Zi/20 ZyfZy  Z3/Z

1.0 1.0000 1.0000 | 1.0000 1.0000 | 1.0000 1.0000 1.0000 | 1.0000 1.0000 1.0000
1.5 1.1347  1.3219 | 1.2247 1.2247 | 1.1029 1.2247 1.3601 ‘ 1.2247  1.2247 1.2247
2.0 1.2193 1.6402 | 1.3161 1.5197 | 1.1475 14142 1.7429 | 1.2855 14142 1.5558
3.0 1.3494 22232 | 14565 2.0598 | 1.2171 1.7321 24649 | 13743 1.7321 2.1829




When satisfied with the results press Update, save
the second schematic write down a second set of

values Z1, 72,73 and f1,f2

mag(S(1,1))
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0.10—:
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Pas 21

Carefully fill in the input boxes in the on-line
"exam"” Laboratory 1 on the rf-opto server
with the exact values you got (the final tuned
ones not the initial computed ones)



Online results submission

+ Quality of the submission



Frequent mistakes



Mistakes 1

Putting in the schematic instead of the ideal
transmission lines (TLIN) resistors or other
parts (microstrip, physical etc.)

A /I | I

. Z=50.0 Ohm

. E=90
F=1 GHz

"A=0.0001 .
F=16Hz - - i
slanP=E0iREs e ws w e
o=t
TanhM=0

R e



Mistakes 2

Putting in the schematic instead of
terminators/ports (TERM —-Simulation S-
param palette) R_model or even R (Lumped
Components palette)




Mistakes 3

Forgetting to change to the numerical values

(from the individual subject) for

terminators/ports/sourcefload (TERMa and

TERM2)

Forgetting to change the frequency to the one

from the individual subject (TLIN2, TLIN2,

TLIN3)

Wrong order of the impedances (! frequent)
as a quick check (including during tune), all
impedances must increase or decrease

monotonically across the transformer (including
source/load)



Mistakes 4

Forgetting to change the parameters for the
simulation

often Start/Stop/Step size stays at:
1GHz/10GHz/1GHz (undesirable)

Start/Stop/Step size: should be changed to
EEEEEEEEEEEEEEEEEEE [ fo-Af/fo+Af/(0.05GHz or 0.01GHZz)

eeeeeeeee where Af is applied symmetrically around the

eeeeeeeee [Cresr =]
imposed fo such as the matching bandwidth
o can be observed:; if results show Af was
Mum. of ptz. ,197
e chosen too small, increase it and repeat

simulation




Mistakes g

During tune, due to frustration or haste, for
the lines, the frequencies or electrical
lengths are modified

miecono  L)BR
sélect a ?alameter to tune by clicking on it A I wa y SC h eC k
SILTCCANN fter each changd =l
Trace History |7 3 —I (permanentIY) that the

~

== frequencies (F) electrical
—_ = lengths (E) remain the
correct ones (fo and 9o) and
only the impedance (Z) is
tuned

transf_mult. TL3.Z (Ohm s
F\ d (Ohm) (g4 275 -2




Mistakes 6

During tune, the impedances are modified
until the monotony rule is breached Z. > 71 >
£2>73>7 orl.<Z1</2</73</Z,

M Tune Control

Select a parameter to tune by clicking on it

Simulate: [* fter each change _v_]

Trace History 7 E

~

]

transf_mult. TL2.Z (Ohm) {77 790 =S|

transf_multi. TL2.E {90.0000 E

|
J
/

transf_multi. TL2.F (GHz) =
3.0000 o

transf_mult. TL3.Z (Ohm s
F\ d (Ohm) (g4 275 -2

Permanently check that the g
impedance values are either
increasing or decreasing. The
3 transmission line values you
tune must be in the correct
order and inside the interval
imposed by Z. and Z,



Mistakes 7

You don't check the vertical axis against
which the reflection coefficient is plotted.

for the binomial
transformer the
graph must not be
pointed/angled in
fo but the tangent
must be horizontal
; and reach o.o (or

o e owow 6 s o s gt |east 0.00X)

freq, GHz

m2 m3
freq=1.380GHz freq=4.620GHz
mag(S(1,1))=0.148 mag(S(1,1))=0.148

mag(S(1,1))

m1
freq=3.000GHz
mag(S(1,1))=1.789E-5

m1

0-C)O_‘_!'I'l_'l |_Y_I J_I_l 1_|'\'l_|' L e




Mistakes 8

You don't check the vertical axis against
which the reflection coefficient is plotted.

for the Chebyshev
m T E transformer the graph
freq=710.0MHz freq=3.000GHz freq=5.290GHz . .
2257\ I mag(S(1,1)=0.200 | mag(S(1.1))=4.005E-8 |mag(S(1,1))=0.200 Is pointed and
rn@& g reaches 0.0 (or at

least 0.00X) at fo and

5 o] /\ at least two other
o] frequencies and the
| / ripple inside the
0.05—_ \/

: bandwidth reaches
0)-@%9' I I—F'V—f o rmaX (from ypur
- s w2 o« —w= s ndividual subject)




Contact

Laboratorul de microunde si optoelectronica
http://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro



